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Problem

SUMMARY

4.

The Advanced Simulation in Undergraduate Pilot Training (ASUPT) facility,,ii de ed to be a
research device capable of providing answers regarding the hardware design and efftive use of flight
simulators. Using state-ofthe -art motion and visual systems, the relationship betweeysimulator fidelity and
training effectiveness, as well as the applicability of advanced training concepts aje to be investigated. Since
ASUPT was designed to be a research simulator, the development of an adequate perfontiance measurement
'system becomes-the foundation of the proposed program of research.

Approach

One of the salient characteristics of flying is that it is criterion-directed. The execution of any
maneuver requires that a certain definable objective be met. The degree to which these objectives are met
would appear to represent an adequate description of performance. In other words, a cnterion-referenced
approach to ..objective performance measurement is proposed. Come. quently, for each maneuver, the
criterion objectives must be defined in terms of parameters available within, the simulator., Using this,.
approach, a set of performance measures can be generated for each of the maneuvers to be .flown m
ASUPT.

Results

To evaluate the potential of the proposed approach, two preliminary studies were condo
Measues were generated for seven basic instrument maneuvers of varying levels of difficulty. ts of
-different experience levels flew these maneuvers and were evaluated by experienced instruct pilots. The
Jesuits indicated that. (1.) instructor pilots were consistent in their stibjective evaluation;y( the objective

,measures correlated highly with the subjective evaluations, and (3) the objective res discnminated
4,: between pilots of different experienclevels.

Implications- .

The data suggest the approach taken to 8e a viable line. The baisic assumptions cif the measurement
sclizeme were corroborated by the data. The results. (1) slo:est instructor evaluations represent a useful
criterion for developing objective measures, (2) indicate the objectively derived 'measures possess a high
degree of validity, and (3) provide some insight into the manner in which instructors assign grades.
Potentially fruitful areas of further research are discussed.
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OMATED OBJECTIVE PERFORMANCE
liVASUREMENT SYSTEM,

f

I. INT ODUCTION

research device capable 9f providing answ
Thy Advanced .SiMulation in Unclezcelr Pilot Training (ASUPT) facility is designed to be a

ding both the hardware design and effective use of flight
simulators. Using state-of-the-art motion and visual systems, the relationship between simulator fidelity and
the training effectiveness of these systems, as well as the applicability, of advanced training concepts are to
be investigated. Since ASUPT is designed to be a research simulator, the development of an adequate
performance measurement system betOmes an essential component of the research program. This report
documents 'the approach to performance measurement systeni development which has been taken and
presents the results of two blief validation studies.

Measurement System Requirements

The criterion for evaluating a flight simulation device is its training effectiveness. From past evidence
indicating positiv; transfer effects, it is assumed that performance in the simulator will be positively related
to 'performance in the aircraft. As a result, the thrust of the present effort is to develop measures which
reflect performance in the simulator. In addition, it is possible'to use pilot performance in the simulatoras
a criterion against which to investigate alternative simulator hardware configurations and training strategies.

One of the salient characteristics of flying is that it is tnterion-directed. For the execution of any
maneuver or sequence of maneuvers there are definable objectives which must be accomplished. The degree
to which these objectives are met represents an adequate description of performance. In other words, a
criterion-referenced approach Pto pilot performance fo the basis Or the present effort. Following such an
approach, it is apparent that the definition of trite on objectives is of foremost importance. Within the
context of measurement development for ASUPT, e critical question is whether these criterion objectives
can be stated in terms of parameters availabl within the simulator. In other words, can behavioral
objectives be defined in terms of the,state of simulated aircraft and contratnputs of the pilot?

Aside from the requirement to define performance in terms of observable behavioral objectives, there
are other constraints which are applicablejhe first is parsimony in the selection of simulator parameters to
be sampled. Ciliterion objectives are to be defined using as few parameters as possible. Furthermore, they
are to be sampled and analyzed on a real-time basis so that the resulting measurement and feedback are
immediate. Since measurement will be an integral part of training students in ASUPT, it is also 'necessary
that the resulting output be meaningful and easily interpreted by both instructors and students.

In suimnaiy, a criterion-referenced approach to measurement system development is to be pursued
within the constraints of the following requirements:

1. Measures Will assess the degree to which' the criterion-objectives are met.

Measures will reflect only the most salient characteristics of performance.

3 Measures will be meaningful and interpretable to the userthe student and instructor pilot.
i

. 4 Measures will be generated.on a real-time basis so.tat feedback is immediate.

ent Development for ASUPT

ough the criterion-referenced approach represents the rationale for present developmental
efforts, iksfurther set of assumptions ha4 guided implementation on ASUPT.

1 "i'llfeasurement system development parallels skill acquisition...1114k student pilot. Since student
pilots ac wire flying sIbIls in a hierarchical fashion, measurement development should proceed in a similar
'manner.' mply stated, a building block approach is assumed in whit imeasurements for basic flying skills
are the flist to be implemented.

2. 'pze focus of the measurement _system is the ividual flight maneuvers. This level of
measurement seams to be most consistent with present flying training syllabuses.



3, Maneuvers can be conceptualized as integrated sequences of steady states and transition& The
fundamental /light attitudes plus transitions from one attitude to another form the conceptual segments for .

most maneuvers' (Meyer, Laveson, Weissman, 8e, Eddowes, 1974). It is necessary to define behavioral
objectives for each segment since they we likely to differ from one to another.

f
4. Maneuver performance can he evaluated by two sets of parametersthose reflecting the state of

the aircraft and those reflecting the control inputs of the pilot. Superior performance is assumed to
manifest three characteristics: (a) accomplishing the criterion objectives as defined by the aircraft state
parameters, (b) avoiding excessive rates and acceleration forces so that the maneuver is executed smoothly,
and (c) accomplishing these objectives with the least amount of effort, that is, by minimizing control /
inputs.

5. The evaluation of performance for a given parameter involves a comparison of the obtained value
with some ideal value For parameters reflecting aircraft state, the deviation from the ideal provides an
index of error. Since the ideal is seldom attained, it is more realistic to define acceptable performance in
terms of an empirically determined tolerance band about the ideal value. For parameters reflecting
smoothness and control inputs, the adapted ideal represents a performance level characteristic of the highly
experienced pilot.

6. The implementation of the measurement systeni requires four phases of development: (a)
definition of criterion objective in terms of a candidate set of simulator parameters, (b) evaluation of the
proposed set Of measures for the purpose of validation and 'simplification, (c) specification of criterion
performance by requiring experience instructor ,pilots to fly the Taneuyer in 'question, and (d) the
collection of normative data using students as they progress through the training program.

Preliminary Evaluation Study .I

In keeping with the approach' outlined previously, the first maneuver for which measures wire
developed was straight-and-level flight. Since the criterion objectives for thin maneuver are
well-defined--maintain constant altitude, airspeed and headingit was felt that an evaluation of its
measurement scheme would provide a good starting place to determine whether the approach held promise.
Any performance assessment system, if it is valid, should have .at least two characteristics. First, it should
bear a positive relationship to expert opinion regarding the quality of performance. Second, it should
reliably discriminate between subjects having differing levels of experience. The demonstration of such
construct validity seemed necessary for the evaluation of the present measurement scheme.

Using the pre-programming capability in ASUPT, a simple test scenario was developed. (1) initialize
the simulator to 15,000 feet, 160 knots, heading 090 degreess "(2) unfreeze thee_ ulator and allow 10
seconds for the pilot to "settle down," (3) sample selected parameters d (4) freeze the
simulator. The parameters sampled were altitude, airspeed, heading, stick mov nt, throt e mo ment,
elevator stick force, pitch rate, pitch acceleration, roil rate, roll accelerations, -v 'cal velocity, an rtical
acceleration. Mean deviation and root-mean-square (RMS) deviationswere com uted for altitude, ai peed,
heading, and stick force. RMS scores were computed for the remaining parameters.

A seven-point rating form was developed for use by instructor pilots Who were to provide qualitative,
evaluations. Five items were to be rated: (1) altitude control, (2) airspeed ,control, (3) heading control, (4)
over-all level of performance, and (5) smoothness. For each evaluation, two\raters wefuledone inside the

and d another at the console who only observed the repeater instruments. In ttu manner, an estimate
of inter-rater reliability could be computed.

Subjects for the initial evaluation were .12 Air Force employees (Flying Training Division, Air Force
Human Resources Laboratory) and one student pilot. Piloting experience ranged from zero to 000+
hours. Each subject was given a two-minute practice/instruction period followed by five one-minute

wThree instructor Pilots were used as raters and were randomly alternated between the cockpit and console.
All missions were flown using full motion and q-seat. Of the total 65 runs, one was lost due to system
failure.

The means of the cockpit anti console ratings, along with their correlations, are presented in Table 1.
The high intercorrelations suggest the instructors to be highly'consistent in theirtatings. It is interesting to
note that the lowest correla n is for smoothness. This is most likely due to availability of motion etIes
the rater inside the cnckpit. In any, case, the high intercorrelatiOris suggest the ratings to be a re
criterion against whi ate the objective measures

6, R



Table 1. Comparison:a Instructor Judgments at Cockpit and Console_
For Straight and Level

Measure
Mean

Cockpit
Mean

.z' Console
Interath
Correlation

Alti ride 'Control
Heading Control
Airspeed Control
Overall Rating
Smoothness

4.7458
4.7627
4.5424
4.6271
4.4574 ------

__---

..---
-' 4.7031

4.6562
4.73-44--
4.6719
4.6250

.8722

.9257

.8535
,.9109
.6297

ze I

The next step was to determine whether the objectively derived measures would reliably predict the
instructor ratings. The adopted criteria were the overall rating and smoothness rating. Table 2 presents the
.correlations between the objectively derived measures of performance and these instructor evaluations for
both the ,cockpit and console raters. A glance at these results suggest several things. First, the correlations
between the measures and instructor evaluations are rairly consistent for both the cockpit and console
ratings. Second, and most importantly, substantial relationships exist between a number of the objectively
derived measures and the instructor pilot (IP) subjective evaluations. Third, the measure RMS vertical
velocity predicted both criteria quite well. These findings were highly encouraging-suggesting that these
objectively derived measures do relate to the Instructor's evaluation of performance.

Table 2. Correlations of Objective Performance Measures
With Instructor Evaluations for Straight and Level

Overall Rating Smoothness Rating

Measure Cockpit Console Cockpit

Mean Altitude Error
' Mean Airspeed Error

Mean 'Heading Error
RMS Altitude
RMS Ablopeed
RMS Heading
Mean Stick Force
RMS Stick Force
RMS Stick Movement

CMS Throttle Movement
RMS Pitch Rate
RMS Pitch Acceleration
RMS Roll Rate
RMS Roll Acceleration
RMS Vertical Velocity
RMS Vertical Acceleration

-.6492
.5826

-.5075
-.7803
-.7690
-.6393

.2740
-.4434
-.0098*
-.1643*
-.3168

.0781*
-.0371*

.. -.1527*
-.7737
-.4172

.

.
r -.720

.6515
-.5134
- -.8348
-.7739
-.6498

- .3859
-.3101
-.0237*
-.1855*
-.2625

.1277*
:..00950706:

-.7560
. -.377,0.

-.4645
.4365

-.4729
-.5750
-.5678
-.5931

.3717
-.3249
-.2789
-.3320
-3019
-.2006*
-.0365*

.0145*
-.7004
-.4663

''

Console

. -.4834
. .433V---"--

-.525
-.6071
-.6193
-.6941

_7..32366399

-.3028
7.5036

*

.0931*
.0009*

--..75219747.

* Nonsignificant.'

Using a forward selection multiple regression procedure, subsets of variables were selected which were
predictive of the criterion. An iterative procedure was used wherein variables were added to the prediction
equation until the increment in explained variance became statistically nonsignificant. At this point, the
variables in the prediction equation were eliminated from the predictor set and the procedure. repeated. In

- this manner multiple sets of predictors were defined. The criteria adopted were the overall rating and
smoothness rating obtained from within the cockpit. thing the equations developed against the cockpit
ratings, an attempt was made to predict the raings obtained at the console. The results of :these analyses are
presented in Tables 3 and 4.

7
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RM$ Altitude 9066 .9044
Mean Altitude Error
Mean Stidk Force
RMS Throttle Movement

Set 2
RMS Vertical Velocity .8839; .8867
RMS Airspeed
RMS Stick Movment
RMS Pitch Rate

Set 3,
RMS Heading .8303 .8178
Mean Airspeed Error
RMS Stick Force
RMS Pitch Acceleration
RMS Vertical Acceleration

Set 4
Mean Heading Error .5075 .5134

---

Table 3. etion of OVerall Instructor Pilot Ratings
For Straight and Level

Measure ea. Cockpit 4 Console

Set I

Table 4. Prediction of Smoothness Ratings
For Straight and Level

Measure CoCkOlt Console

_---
RMS Vertical Velocity
RMS Throttle Movement
RMS Altitude
RMS Pitch Rate

Set 1

.7926 .800r

Set 2
RMS heading .7155
Mean Altitude Error
RMS Pitch Acceleration

RMS Airspeed
RMS Vertical Velocity

Mean Heading Error
Mean Airspeed Error
RMS Stick Movement

Mean Stick Force
RMS Stick Force

Set 3
.6718

Set 4. '

.6248

Set 5
.5585

.7086

.7053

I.6496

:5277

8
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-
, Four supse of variables were selected which were predictive of the, overall ratings. The first subset..,.

consisting of altitude, mean altitude error, mean stick force; and RMS throttle movement yielde a

multiple 1,1 o .9066. The correlation between the dicte4 score (using the equation developed for ttie
cockpit rating and the console rating was .9044. Wnilar degrees of correspondence were obtainettfor
remaining subsets of predictions. For smoothness, five subsets of predictors were identified. Again, high

1,u

egrees of correspondence were obtained between the multiple Rs developed for the cockpit ratings ante
bsequent correlation between predicted scores arid the console ratings.

k The results of the first study were highly encouraging and seemed to warrant the.. following
conclusions. First, instructor paots are highly consistent in their evaluations of performance. Consequently,
it is possible to use such evaluations as one criterion against which to validate objective measures of
performance. Second, the objective measures of performance developed for straight and level will reliably
predict instructor evaluations. The demonstration of such predictive validity suggested the approach taken
to be a reasonable one. To further evaluate the proposed syssem, a second study was undertaken.

Preliminary Evaluation Study II

Scenarios -were developed and the performance measurement software written for
maneuvers. change of airspeed, constant ai_rw _ed climbs/descents, rate climbs/descents, and the steep
Similar rating forms were developed for each maneuver and the simultaneous cockpit/console evaluati
procedures followed. Four T-37 instructors were the raterstwo alternating at the console and the olh
two alternating in the cockpit. Ten subjects were used in the second study, again representing a wide
of skills. Four student pilots in 137 training, three T-37 IPs, and three civilians were included. Each su ject
flew the following set of maneuvers: three airspeed changes; one constant airspeed climb; one constant
airspeed descent, one rate climb; one rate 'descent; and three steep turns. For each climb/descent a level-off
to altitude was required.

Inter-rater correlations were computed for each maneuver and are presented in table 5. As indicated,'
the data for climbs and descents were pooled. Overall inter-rater'correlations were computed for categories
which were rated for all maneuvers. The data indicates substantial agreement among the raters, especially
for the overall and smoothness ratings, even though the values were somewhat less than obtained for
straight-and-level. Several possible reasons for the lowered inter-rater correlations should be mentioned.
First, the maneuvers in the second study were of increased complexity. Since these maneuvers require
several transitions in addition to a steady state condition, the instructor's job of monitoring all the relevant
parameters is increased. Likewiie, the performance of transitions from one steady state to another increases
the number of cues available to the rater within the cockpit. A second-possibility concerns rater bias. It is
possible that different subjective criteria were used in ratings of the T-37 IPs as opposed to students. An
examination of the ratings of one of the IP's performance records yielded large discrepancies between the
cockpit and console ratings. The objective measures appeared to agree with the cockpit ratings in th4t the
performance was quite good. However, according to the console rater, the performance was considered to
be unsatisfactory: Such data strongly suggest the possibility of rater bias.

Table 5. Inter-Rater Correlations for Study II

Measure
Change of
Airspeed'

CAS . Rate
, ClImbidtsoint"-- '---Climb/Descent

Steep
Turn Overall

Altitude Control
Airspted Control
Heading Control
Rate Control'
Bank Control
Overall
Smoot ess °

.7714

.7763

.6121
+
+

.7741
.7311 .

1

.6334

.4818

.8987
+
+

6822
.7055

,

.7740

.8078
;7534

" .6272
+

.8045

.9661

.6935

.
+

.8592

.0
.7279
.6758

.7716,/

.836ty

puted for mar-sieiliv
computed since item not rated 11)11 maneuvers.

4
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maneuver were compUted and presented in Table 6. In this case, the ratings from the in the cockpit were

; Correlations between each of the objective measures and the overall and smootthess ratings for each

used as the criteria. A perusal of the data Warrants several conclusions. As expected, parameters reflecting
performance of the criterion objectives were most related to the ratings. likewise, the values about
the ideal were correlated more highly than mean deviations. The only exception was bank error. In
this case, an error in the computing software was discovered, thereby invalidating thelesultingmeasure.*,

A forward selection regression analysis was computed in an attempt to develop predietio equations
for the overall steep turn rating. The steep turn was selected since it represented the most diffi of the
maneuvers tested, The initial etlaset of seven variables selected by the procedure yielded a multip Lot"
.820r This equation was th used to predict the console ratings. The obtained correlation be een
predicted and observed console ratings'was .9137. Again, multiple subsets were isolated whi
predictive of the criterion. Although not verified, it scents likely that similar sets of predicjion equations
could have been developed for the other maneuvers. In any case, it is certainly clear that the objective
measures developed are highly predictive of instructor ratings, thereby demonstrating the validity of the
present approach to measurement.

. A further set of analyses were computed inorder tolerate the objective measures to the instructor
evaluatiOns. Performance records for all maneuvers were pooled and placed into groups according to the
evaluation of the cockpit instructor. Four groups were defined according to the grade assigned of U, F, G,
dr E. Descriptive statistics were then computed for each of the four groups. The results are presented m
Table 7. Measures for rate of climb and bank were deleted due to the small number of cases within each of
the groups. An examination of the data warrants several conclusions. First, it is apparent that there are
clearly defined trends for_a number of the objective measures across the four groups. There are clear cut
decreases in root mean square for airspeed, heading, and altitude as a function or the subjective ratings.
I.Altewise, there are decreases in the variability across subjects. Consequently, loWered ratings are
characterized by increasing within.subject error as well as, increasing between-subject variability. Such data
reflect the fact that there is one way to execute the maneuver correctly, but many ways to corning errors
and therefore receive a lower evaluation.

.The results also verified the assumption That superior maneuver performance involves the
minimization of_control inputs. Performances rated excellent were those which minimized the amount of
stick movements and also minimized stick deviation from the null position. 'Furthermore, superior
Performance was

,and
characterizedby minimum amount of control force, or, in other minds, the efficient

use of trim: While stick inputs were found to be related to rated performance, throttle movements were
not. Of the proposed measures of smoothness only pitch rate, vertical velocity and, vertical acceleration
were related to rated performance. Again, the pattern of decreaiing means and variances was found.

As discusted previously, a requirement of the measurement system is that it reliably discrimritkes,
between pilots of different experience levels. In.this case, depending on their previous flying experience,
subjects 'were plated into one of two categories high versus low experienceAnd descriptive statistics,
computed, The results are presented in Table 8.,Itshould be pointedtorth)Me statistics computed for--
each objective measure were based on data milting from all the malieuvers in winch that measure was
computed. For example, the statistics for heading measures were based on all maneuvers except the steep
turn. The results indicate that a substantial number of the objective measures will differentiate between the
twogroups. Generally, the inexperienced group was characterized by higher error scores and much greater
variability. For the steady state parameters, the RIMS error scores weremore discriminative than the mean
error scores.

*Implications *
The pesults of these two evaluation studies warrant a number of conclusions. First, the data suggest

the approach-taken to be a viable one. The assumptions concerning superior maneuver performance have
been corroborated by the data. experienced pilots, and likewise those performances`rated excellent, were
characterized bt (j) meeting the criterion objectives in terms of minirniziAg aircraft state errors, (2)
minimizing rates and acbelerationsat least in the pitch and Z axes, and (3) minimizing control inputs. In
other words, superior performance ,involves gettin the job done, doing it smoothly, and with a least
amount of effort_ I

; 10

4



M
ea

su
re

/ O
ve

ra
ll

T
r 

le
 6

. C
or

te
 d

on
s 

of
 O

bj
ec

tiv
e 

M
ea

su
re

s 
w

ith
 I

ns
tr

uc
to

r 
R

at
in

gs
 f

or
 S

tu
dy

 I
I

of
 A

ee
d

S
 o

ot
hn

es
s

O
ve

ra
ll

C
A

S
 C

lim
b 

/D
es

ce
nt

S
m

oo
th

ne
ss

O
ve

ra
ll

R
at

e 
C

lim
b/

D
es

ce
nt

S
m

oo
th

ne
ss

O
ve

ra
ll

S
tS

el
, T

ur
n

S
m

oo
th

ne
ss

'

M
ea

n 
A

ir
sp

ee
d 

E
rr

or
-.

16
58

 .
-.

06
36

-.
04

70
-.

06
81

.0
54

5
--

.6
23

02
72

7
R

M
S 

A
iis

pe
ed

-.
58

54
-.

68
56

-.
01

64
-.

41
04

-.
07

02
_
-.

47
76

.
-.

49
51

-.
17

76

M
oa

n 
H

ea
di

ng
-E

rr
or

/
.2

80
4

.1
37

7
.0

52
7

.0
59

4
+

' .
-.

61
12 +
.

.

R
M

S 
H

ea
di

ng
/

-.
54

63
 .

.
-.

41
44

-.
50

90
-3

61
4

-.
66

70
-.

76
20

-.
66

49
+

+

M
oa

n 
A

lti
tu

de
 E

rr
or

-.
67

47
-.

63
86

.2
13

0
.3

37
4

-.
09

46
-.

78
99

.0
10

8
.5

83
05

-.
53

20
.5

40
0

-.
70

85
-.

65
12

-.
56

90
-.

47
55

-.
68

68
-.

71
93

M
oa

n 
B

an
k 

E
rr

or
R

M
S 

B
an

k
+ +

+ +
+

21
36

*
+

+ +
+ +

+ +

7.
55

4

-.
53

75
-.

61
21

-.
03

84
*

-.
-.

R
M

S 
A

lti
tu

de

=
.1

54
2

.0
9+

59
+

+
.0

79
9

-.
80

29
,

-.
31

94
-.

35
30

2-
.8

31
2

.0
01

3
+

.
+

M
ea

n 
R

at
e

E
rr

or
+

+
+

+
+

+

R
M

S 
R

at
e

+
M

ea
n 

St
ic

k 
Fo

rc
e

-.
29

01
-.

63
03

-.
3,

47
5

.1
76

1

4.
R

M
S 

St
ic

k 
Fo

rc
e

89
8

-.
14

01
.1

02
1

-.
13

43
-.

49
20

-.
01

99

R
M

S 
T

hr
ot

tle
 M

ov
em

en
t

.0
4

-.
02

74
.

1
.3

32
5

-7
..6

17
82

39
6

.1
39

5

-.
41

45
-.

64
83

'
t

R
M

S 
St

iC
k 

M
ov

em
en

t
-.

0
7

-.
..2

82
3

-.
24

16
-.

24
75

't
R

M
S 

Fo
re

-A
ft

 S
tic

k 
Po

si
tio

n
-.

26
64

\
,

-.
23

94
-.

16
41

-.
22

95
.1

08
1

-.
28

51
-.

31
22

-.
39

69
R

M
S 

L
at

er
al

 S
tic

k 
Po

si
tio

n
-,

24
67

-.
48

75
-.

63
64

-.
60

90
-.

66
30

-.
77

.7
1

.0
75

3
-.

63
15

-.
47

63
-.

63
80

;
R

M
S 

Pi
tc

h 
R

at
e 

' .
-.

1)
45

-.
33

72
-,

11
61

*

,R
M

S 
V

er
tic

al
 V

el
oc

ity
'

-.
60

69
\-

.6
12

0
,

-7
..3

24
55

89
4

-7
..5

18
12

7,
37

-.
52

05

R
M

S 
Pi

tc
h 

A
cc

el
ht

at
ie

h
R

M
S 

R
ol

l R
at

e
,

-.
02

03
, -

.1
20

2
.1

98
8

'
.0

41
1

-.
04

90

-.
11

34
08

39
,

.0
01

6
-.

55
14

.0
40

6

-.
81

45
-.

74
37

.0
70

9

-.
53

75
-.

03
85

.0
50

6
R

M
S 

R
ol

l A
cc

el
er

at
io

n
-.

23
11

\ -
.2

21
4

.3
37

8
-.

06
18

.0
95

3

R
M

S 
V

er
tic

al
 A

cc
el

er
at

io
n

-.
31

30
-4

.5
64

5
' -

32
86

.
-.

47
62

-.
25

82
-.

71
36

-.
69

75
-.

42
25

-.
45

28
-.

51
16

,
-.

45
21

,

* 
M

ea
su

re
 in

co
rr

ec
tly

 c
om

pu
te

d 
du

e 
to

 s
of

tw
ar

e 
er

ro
r.

+
 N

ot
 c

om
pu

te
d 

fo
r 

m
an

eu
ve

r.

4
4,



A
.

T
ab

le
 7

. D
es

cr
ip

tiv
e 

St
at

is
tic

s 
of

 O
bj

ec
tiv

e 
M

ea
su

re
i f

or
 E

ac
h 

R
at

in
g 

C
at

eg
dr

y

r
t
i

e
r.

M
ea

su
re

,

T
.

.,
M

ea
ns

a"
S

ta
nd

ar
d 

D
ev

ia
tio

ns
t

U
'

r
G

It
U

F
0

M
ea

n 
A

irs
pe

ed
6,

20
29

2.
63

95
.8

51
6

.9
80

5
8.

01
83

5.
37

32
3.

48
74

1.
55

45
 ,

R
M

S 
A

ir
sp

ee
d

12
,3

59
0

6.
40

86
3.

90
06

2.
26

94
7.

30
95

. 3
.6

59
2

2.
08

20
13

64
3

M
ea

n 
H

ea
di

ng
'

-1
.8

37
7

2.
13

37
-.

97
20

-.
09

38
7.

22
08

5.
26

46
3.

09
24

1.
40

64

R
M

S 
H

eA
di

ng
8.

02
73

5.
08

33
3.

27
15

1.
45

35
4.

51
97

' 3
.9

31
6

1.
73

67
.7

45
4

,
M

ea
n 

A
lti

tu
de

'- 
29

1.
42

50
-4

6.
18

48
-2

1.
21

07
4.

90
02

71
8.

36
38

12
5.

38
19

59
.7

46
9

19
.9

13
8

R
M

S 
A

lti
tu

de
68

6.
96

24
13

3.
91

50
63

.1
43

3
27

.5
61

7
57

7.
05

05
82

.5
27

8
40

.6
93

8
14

.7
86

2

M
ea

n 
St

ic
k 

Fo
rc

e
-2

.2
37

3
-1

.2
74

1
-.

68
47

-.
71

25
3.

42
99

1.
74

42
1.

95
02

1.
22

28
R

M
S 

St
ic

k 
Fo

rc
e

5.
27

05
2.

83
26

2.
41

51
" 

-1
.6

18
0

3.
69

54
1.

82
37

1.
66

16
1.

22
53

R
M

S 
St

ic
k 

M
ov

em
en

t
.3

91
0

.2
61

0
.1

95
5

.1
83

3
.1

83
5

.
'.1

50
7

--
:

.0
97

0
.0

84
1

10
.4

.1
R

M
S 

T
hr

ot
tle

 M
ov

em
en

t
.6

95
8

.6
25

4
.7

67
1

.7
89

9
.2

19
0

.2
88

4
.4

65
3

.6
25

8

'G
I

r)
R

M
S 

Fo
re

-A
ft

 S
tic

k 
Po

si
tio

n
3.

23
08

2.
20

98
1.

96
72

1.
77

36
1.

83
11

.8
44

7
.6

52
6

.5
20

3
R

M
S 

L
at

er
al

 S
tic

k 
Po

si
tio

n
.6

33
6

.3
68

7
.2

84
8

.1
90

3
.2

87
0

49
40

.1
37

2
.0

96
4

R
M

S 
Pi

tc
h 

R
at

e
4.

92
55

2.
01

46
-

1.
11

46
1.

14
77

4.
37

68
r

1.
63

20
,

.8
62

8
,

1.
05

57
R

M
S 

Pi
lc

h 
A

cc
el

er
at

io
n

.
' 29

.7
49

9
20

.9
42

0
17

.7
71

1
20

.1
21

3
19

.5
70

0
19

.8
78

§
2.

3.
41

70
,1

9.
44

27
R

M
S 

R
ol

l R
at

e
.4

01
2

'
53

14
.5

80
1

51
97

.3
16

3
.2

96
7.

.3
37

3
.1

06
2

R
M

S 
R

ol
l A

cc
el

er
at

io
n,

.5
80

6
.5

28
6.

.6
19

9
.4

46
2

.2
33

3
.3

46
2

.3
63

7
.3

16
0

R
M

S 
V

er
tic

al
 V

el
oc

ity
12

05
.0

50
0

13
7.

66
77

12
3.

80
52

16
8.

88
98

17
89

.3
61

0
22

2.
80

50
18

4.
13

57
21

4.
38

13
R

M
S 

V
er

tic
al

 A
cc

el
er

at
io

n
3.

23
79

15
55

8
1.

49
65

 9
1.

20
12

2.
08

41
.8

06
7

.7
37

9
.5

51
7



Table 8. Comparison of Objective Measures for Experienced
And Inexperienced Pilots

masure
Experience Inexperienced

Mean S.D. Man S.D.

Mean Airspeed 1.4730 s 2.5232 2.3486 6.1876

RMS Airspeed 3.4929 2.0878 6.7856 5.0718
Mean Heading -.1843 2.2824 .6084 5.4465
RMS Heading 2.1827 1.4071 5.1275 3.6841
Mean Altitude, -21.6591 77.8214 -71.5790 316.2510'
RMS Altitude' 67,5192 673319 193.8939 322.1645
Mean Climb Rate e''', .1610 1.4210 .9480 2.7849
RMS Climb Rate 23482 .8100 4.4623 1.5058
Mean Bank 1.4191 .8855 4.1372 3.5044
Mean Stick Force -.9480 1.9727 -1.0806 2.0091
RMS Stick Force 2.4354 1.7274 2.8486 23823
RM$ Stick Movement
RMS Throttle Movement

, .1847
.6668

.1009

.4829
.2778

.' _7679
.1514
3872

RMS Fore-Aft Stick Position 2.0347 .6661 4 2:1971 1.1259
RMS lateral Stick Position -2; .2517 .1356 3968 .2294
Fitch Rate . 1.0769 .9846 ,, .2.3859 2.4821
Fitch Acceleration 18.2833 23.9736 22,1778 18.4969
Roll Rate .5146 '. -3078 .5749 .3257
Roll Acceleration . ..... .5670 3494 .5420 .3432
Vertical Velocity 1723421 208.9697 4099243 825.0552
Vertical Acceleration 1.5010 .7557 . 1.7047 1.2598

"-

Second, the data indicate that instructor evaluations are a tisdble criterion for future measurement
system development. -Thez relatively high levels of agreement between the cockpit and console ratings are
particularly encouraging since the availability of cues was radically different for each rater. The console
rater only had access to the repeater instruments while the instructor in the cockpit could observe the
students' behavior in addition to the flight instruments. Furthermore, kinesthetic cues were also available to

the cockpit rater. The importance of these different cue sources in instructor evaluations is an area which

should be addressed in future research studies.

Third, the objectively derived measures were shown to possess a certain degree of validity. Significant

correlations between these measures and instructor evaluations were obtained. FurthermOre, the measures

were shown to discriminate between, pilots . of differeht experience levels. These results are most
, encouraging and convincingly demonstrate the fruitfulness of the present approach.

Fourth, the results provide some insight into the manner in which instructors assign grades. A
hierarchical model seems most consistent with the data. To receive an excellent (E) rating, errors on the
critical parameters must all be low. Ai the quality of the rating decreases.the potential for different errors
increase. In fact, it is possible to commit error involving one parameter, control the others quite well, and
still receive a low evaluation. This suggests that both the number and degree of error are important. Thi
investigation of instructors grading strategies is another prime, area for future research.

Fifth, the results provide preliminary data concerning the simplification of the present set of
parameters. As expected, parameters reflecting performance of the criterion objectives yielded the highest
validity coefficients.- However, measures of mean error were not as effective as root - mean -square error
Furthermore, a number of the proposed measures of smoothness did not produce any significant
relationships. Roll rate, roll acceleration, and pitch acceleration were not related to either instructor ratings

or sperience level. Likewise, 'throttle movements were not found to beimportant.

C;
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Taken as a whole, the results of these prelimpary investigations are encouraging. The demonstrated
validity of measures, developed for these basic instrument maneuvers, indicate the fruitfulness of the
present a y. o. h. E currently underway for the development of performanit measures -for -more
complex maneuvers. It is expected that the resulting measurement system will meet both the research and
training needs for future studies to be accomplished in ASUPT.
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